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bstract
Salmonella  Choleraesuis, S. Enteritidis and S. Typhimurium are the main pathogens that contaminate animal products and cause human Salmonella
ood poisoning. To establish the loop-mediated isothermal amplification (LAMP) method for the rapid detection of Salmonella  and 3 common
almonella  serotypes, inner and outer primer sets targeting Salmonella  invE  gene and 3 serotype-specific genes ﬂiC, lygD  and STM4495 were
esigned. The LAMP reaction conditions were optimized. The specificity of LAMP primers was identified by testing 10 different bacterial
trains including S. Choleraesuis, S. Enteritidis and S. Typhimurium. Take S. Choleraesuis as example, the detection limit of LAMP assay was
1 1.33 ×  10 CFU/mL for bacteria culture and 2.0 ×  10 CFU/mL for simulated pork sample. The results show that LAMP is a rapid, sensitive and
pecific method for Salmonella  detection and can be used for the rapid detection of Salmonella  in food.
 2015 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
eywords: Loop-mediated isothermal amplification; Detection; Salmonella; Salmonella Choleraesuis; Salmonella Enteritidis; Salmonella Typhimurium
l
d
a
l
m
o
t
e
a
r
S
m
i
(
i
2
s
i.  Introduction
Salmonella  is a significant pathogen for humans and ani-
als. It cannot only cause a variety of livestock and poultry
iseases, but also cause food poisoning in humans [1]. Cur-
ently, diseases caused by Salmonella  rank first in food poisoning
iseases in China [2]. Among the foods that cause Salmonella
oisoning, more than 90% are meat and other animal products
3,4]. Statistics show that S. Choleraesuis, S. Enteritidis and S.
yphimurium are the major pathogenic bacteria that contaminate
nimal products and cause human Salmonella  poisoning. They
ause significant harm to human health and livestock develop-
ent [5].
The conventional detection methods for Salmonella  include
acterial culture, biochemical and serological identification
ethods. These methods are complicated, time-consuming and
∗ Corresponding author at: College of Biology and Pharmaceutical Engineer-
ng, Wuhan Polytechnic University, Wuhan 430023, China.
el.: +86 15327270600.
E-mail address: zhiguo l@126.com (Z. Liu).
1 These authors contributed equally to this work.
Peer review under responsibility of Beijing Academy of Food Sciences.
a
w
g
b
ttp://dx.doi.org/10.1016/j.fshw.2015.05.001
213-4530/© 2015 Beijing Academy of Food Sciences. Production and hosting by Eaborious, costly and require a variety of reagents. With the
evelopment of molecular biology and immunology methods,
 number of PCR-based detection techniques have been estab-
ished, such as immuno-PCR, real-time quantitative PCR and
ultiplex PCR [6,7], as well as immunoassay methods based
n antigen. These methods are fast, sensitive and accurate. As
hese modern detection methods for Salmonella  require certain
quipment, technique know-how and expensive reagents, they
re less economical and practical. To conduct extensive and
apid detection of Salmonella  and effectively prevent and control
almonella  food poisoning at the grassroots level, the establish-
ent of a practical, simple, rapid and sensitive detection method
s necessary.
The significance of loop-mediated isothermal amplification
LAMP) method in microbial detection has been drawn increas-
ng attentions recently [8]. It was developed by Notomi et al. in
000 [9]. It amplifies nucleic acids within tens of minutes by
elf-circulation of strand displacement DNA polymerase under
sothermal conditions. With the advantages of high specificity
nd sensitivity, simplicity, rapidity and cheapness, it has been
idely applied in many areas [10]. Research shows that invE
ene exits in all Salmonella  serotypes but not in non-Salmonella
acteria [11], while ﬂiC, lygD  and STM4495 specifically exists
lsevier B.V. All rights reserved.
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n S. Choleraesuis, S. Enteritidis and S. Typhimurium, respec-
ively [12–14]. Therefore, the specific sequences in invE, ﬂiC,
ygD and STM4495 genes were selected as the target sequences
or LAMP assay.
.  Materials  and  methods
.1.  Bacterial  strains
S. Enteritidis CICC 21513, S. Typhimurium CICC 21483,
. Choleraesuis CICC 21513, Streptococcus  hemolyticus  CICC
0373, Shigella  ﬂexneri  CICC 21534, Shigella  boydii  CICC
1680 and Shigella  sonnei  CICC 21594 were obtained from
hina Industrial Microbiology Culture Collection. Staphylo-
occus aureus, Escherichia  coli  DH5, Bacillus  subtilis  were
reserved in our laboratory.
.2.  Preparation  of  DNA
The DNA template was prepared by boiling method [15]. The
ingle Salmonella  colony was picked and dissolved in 100 L
istilled water, lysed by water bath at 100 ◦C for 15 min and
ce bathed for 5 min. The reactants were then centrifuged at
2,000 r/min for 5 min at 4 ◦C. The supernatant that contained
NA template was used for LAMP.
.3.  Primer  design  and  synthesis
The LAMP reaction needs four oligonucleotide primers: for-
ard inner primer (FIP), back inner primer (BIP), forward outer
rimer (F3) and back outer primer (B3). The primers targeting
almonella invE  gene and 3 serotype-specific genes ﬂiC, lygD
nd STM4495 were designed according to the sequences pub-
ished in GenBank. The primer sequences are listed in Table 1.
rimers were synthesized by Generay Biotech Co., Ltd. (Shang-
ai, China).
.4.  LAMP  reaction  and  condition  optimization
LAMP reaction was carried out in a 25 L mixture which con-
ained inner and outer primer sets, Bst  DNA polymerase, dNTPs,
× ThermoPol buffer and DNA template. The mixture with Bst
NA polymerase absent was water bathed at 95 ◦C for 5 min,
hen quickly cooled on ice. After cooling, Bst  DNA polymerase
as added. The mixture was incubated at certain temperature for
ens of minutes in a thermal cycler (UNO II, Whatman Biome-
ra, Germany), then heated to 80 ◦C for 10 min to terminate the
eaction. The LAMP products were electrophoresed in a 1%
garose gel and visualized by ethidium bromide staining. The
oncentration ratio between inner and outer primer sets, reac-
ion duration and temperature were optimized to determine the
ost efficient amplifying conditions of LAMP. The efficiency
as analyzed by electrophoresis.
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.5.  Speciﬁcity  of  LAMP  detection
The specificity of LAMP primers was identified by
AMP detection for the 3 major strains of pathogenic
almonella serotypes, i.e., S. Choleraesuis, S. Enteritidis and
. Typhimurium and seven non-Salmonella  strains.
.6.  Sensitivity  of  LAMP  detection
The single colony of Salmonella  was picked after culturing
or 2 days, dissolved in 1 mL liquid medium and mixed. 10-fold
erial dilutions of the bacteria liquid was carried out with saline.
late cultivation counting was performed with 100 L bacteria
iquid of each dilution. DNA was prepared by boiling. LAMP
mplification was conducted by using 1 L of supernatant after
uantitation.
.7.  LAMP  assay  of Salmonella  in  simulated  pork  samples
2.5 g sterilized fresh pork homogenized in 22.5 mL sterile
aline worked as the diluent for Salmonella. The bacteria liq-
id was 10-fold serially diluted. Samples were taken for plate
ultivation counting. DNA template was prepared for LAMP.
.  Results  and  discussion
.1.  Optimization  of  LAMP  reaction  conditions
The LAMP products appeared as a ladder of multiple bands,
hile no bands was amplified from no template control. Take
. Choleraesuis as example, the optimum concentration ratio
f inner and outer primers was 3:1 (Fig. 1A); the typical DNA
adder appeared after amplification for 45 min, while better sta-
ility was observed after amplification for 60 min (Fig. 1B); the
ptimal temperature was 65 ◦C (Fig. 1C).
The LAMP products under different reaction conditions
ere electrophoresed in 1% agarose gel and stained with
thidium bromide. (A) Determination of optimal concentra-
ion ratio between inner and outer primers. M, DNA marker
DL2000); Lane1–4, the concentration ratio between inner and
uter primers was 4:1, 3:1, 2:1 and 1:1, respectively; Lane 5,
egative control. (B) Optimization of reaction duration. M, DNA
arker; Lane 1–6, LAMP reaction carried out for 30, 45, 60, 75,
0 and 105 min, respectively; Lane 7, negative control. (C) Opti-
ization of reaction temperature. M, DNA marker; Lane 1–4,
AMP reaction carried out at 61, 63, 65 and 67 ◦C, respectively;
ane 5, negative control.
.2.  Speciﬁcity  of  LAMP  detection  for  Salmonella
.2.1.  Genus-speciﬁcity  of  LAMP  detection  for  Salmonella
Amplification reactions were performed using invE  LAMP
rimers to detect the 10 strains of Salmonella  and non-
almonella bacteria. The LAMP results showed that the
haracteristic ladder bands were amplified from the DNA tem-
lates of 3 strains of Salmonella, while not from that of the 7
on-Salmonella  strains (Fig. 2).
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Table 1
LAMP primer sets for amplifying invE, ﬂiC, lygD and STM4495.
Target gene Primer Sequence (5′ → 3′)
invE invE F3
invE B3
invE FIP
invE BIP
GTTACGAAATTGCGCCAGC
TGGCTCAACCTCCGGTAT
AGGATTCGTCTCCAGGGGCGCCGCTGACATTTCGTCCG
TGCGGCCTGTTGTATTTCCGCTTGTCCCGGCAGACATCT
ﬂiC ﬂiC F3
ﬂiC B3
ﬂiC FIP
ﬂiC BIP
CTGTCAGTGGATACGATGA
CTGCATCTGCAACTCCT
CGCAAAAGTAACTGCTCCTGTAGATAAAAATGGAACCTATGAAGTC
CTTACCAACTGATGCAAAAGCAGTTTTTTAATGCAGCTTTCGCA
lygD lygD F3
lygD B3
lygD FIP
lygD BIP
TGTCTGCTCACCATTCG
ACAATCTACCGTCAGTCAC
ACCGGATTTGGCCGATCTAATGAAGTTGTCATCGTAAGTACC
CGTAACTCTTCGGGTTTAACTCTCTATTTGAACGGTAAGGCACC
STM4495 STM4495
F3
STM4495
B3
STM4495
FIP
STM4495
BIP
GATAATTTCATCTTCAATTTCTGG
AATTTTTGCGTGAGATATCGT
GCACTCCGGTTGTAAACCATTATTTGTACTGAGGCTAATTCACCAC
CGCAGCGTAAAGCAACTCATCCAAAAGGGTTTGTTTTTGATG
 LAM
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iFig. 1. Optimization of
Salmonella  is one of the major pathogens of food poisoning,
mong which S. Choleraesuis, S. Enteritidis and S. Typhimurium
re dominant. The protein encoded by invE  gene is the main
irulence factor [11] and play an important role in Salmonella
athogenesis. The results indicated that the invE  LAMP primers
ere highly specific for Salmonella.
Fig. 2. Genus-specificity of LAMP detection for Salmonella.
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The genus-specificity of invE  LAMP primers was determined
y amplifying the 10 different bacterial strains; the products
ere electrophoresed in 1% agarose gel and stained with ethid-
um bromide. M, DNA marker (DL2000); Lane 1–10, LAMP
mplifications of DNA templates from S.  aureus, E.  coli  DH5,
. hemolyticus, B.  subtilis, S. Enteritidis, S. Typhimurium, S.
holeraesuis, S.  ﬂexneri, S.  boydii  and S. sonnei, respectively;
ane 11, negative control.
.2.2.  Speciﬁcity  of  LAMP  detection  for  the  3  major  strains
f pathogenic  Salmonella  serotypes
Amplification reactions were conducted using LAMP
rimers for ﬂiC, lygD  and STM4495 to detect the 10 strains
espectively (Fig. 3). As FliC  gene encoding S. Choleraesuis
agellum protein is conservative at both ends, but multifarious in
he middle area among Salmonella  serotypes [12,16]. LygD  gene
xists only in S. Enteritidis genome [13] and in all the genomes
f 39 S. Enteritidis phage types that isolated from clinical sam-
les [17]. The region including genes STM4488 to STM4497
ouses a putative type II restriction enzyme that is only present
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Fig. 3. Specificity of LAMP detection for the 3 Salmonella serotypes.
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Salmonella  was 10-fold serially diluted with sterilized pork
homogenate and DNA was extracted from each dilution for
LAMP assay. The results exemplified by S. Choleraesuis showedFig. 4. Sensitivit
n S. Typhimurium [14]. Therefore, the specific sequences in
nvE, ﬂiC, lygD  and STM4495 genes were selected as the target
equences for LAMP assay. The results in Fig. 3 showed that the
haracteristic ladder bands were amplified only from the DNA
emplates of their corresponding Salmonella  serotypes, while
ot from that of the other 2 serotypes or the 7 non-Salmonella
trains.
LAMP specificity was determined by amplifying the DNA
f 10 different strains using primers for ﬂiC  (A), lygD  (B) and
TM4495 (C), respectively; the products were electrophoresed
n 1% agarose gel and stained with ethidium bromide. M, DNA
arker (DL2000); Lane 1–10, LAMP amplifications of DNA
emplates from S.  aureus, E.  coli  DH5, S.  hemolyticus, B.  sub-
ilis, S.  Enteritidis, S.  Typhimurium, S.  Choleraesuis, S.  ﬂexneri,
. boydii  and S.  sonnei, respectively; Lane 11, negative control.
.3.  Sensitivity  of  LAMP  detection  for  Salmonella
Salmonella  was 10-fold serially diluted in saline and the
NA templates of each dilution were extracted for LAMP reac-
ions. The results exemplified by S. Choleraesuis showed that the
AMP products could be detected to 10−7 dilution (Fig. 4A),
nd the detection limit was 1.33 ×  101 CFU/mL by calculation
ccording to the plate counting. When 0.3 L SYBR Green was
dded into the LAMP products, fluorescence was observed under
he UV light in the amplifications from the templates of 10−6
ilution (Fig. 4B). The detection limit of PCR for S. Choler-
esuis was 1.67 ×  102 CFU/mL when assays were performed
ith different dilutions (Fig. 4C). The detection results of the
ensitivity for the other serotypes are shown in Table 2.
(A) The electrophoresis analysis of LAMP products of S.
holeraesuis culture with 10-fold serial dilutions. M, DNA
arker (DL2000); Lane 1–6, S.  Choleraesuis culture with 10−3,
0−4, 10−5, 10−6, 10−7 and 10−8 dilutions, respectively; LaneAMP detection.
, negative control. (B) SYBR GREEN fluorescence analysis of
AMP products of S.  Choleraesuis. Tube 1–4, S.  Choleraesuis
ulture with 10−5, 10−6, 10−7 and 10−8 dilutions, respectively;
ube 5, no template control. (C) The electrophoresis analysis of
CR products of S.  Choleraesuis with serial dilutions, with the
ositive band of 221 bp. M, DNA marker (DL2000); Lane 1–6,
. Choleraesuis culture with 10−3, 10−4, 10−5, 10−6, 10−7 and
0−8 dilutions, respectively; Lane 7, negative control.
.4.  LAMP  detection  for  Salmonella  in  simulated  pork
amplesFig. 5. LAMP detection of S. Choleraesuis in simulated pork samples.
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Table 2
Sensitivity of LAMP and PCR for the detection of Salmonella.
Bacterial Strain Target Gene LAMP detection limit for
bacteria culture
(CFU/mL)
PCR detection limit for
bacteria culture
(CFU/mL)
LAMP detection limit for
simulated pork sample
(CFU/mL)
Salmonella invE 2.0 × 101 2.33 × 103 1.67 × 101
S. Choleraesuis ﬂiC 1.33 × 101 1.67 × 102 2.0 × 101
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[. Enteritidis lygD 2.33 × 10
. Typhimurium STM4495 1.67 × 101
hat the LAMP products could be detected to 10−6 dilution
Fig. 5), and the detection limit was 2.0 ×  101 CFU/mL by cal-
ulation according to the plate counting.
The products were electrophoresed in 1% agarose gel and
tained with ethidium bromide. M, DNA marker (DL2000);
ane 1–4, LAMP detection of S. Choleraesuis diluted to
0−4, 10−5, 10−6 and 10−7, respectively, with sterilized pork
omogenate; Lane 5, negative control; Lane 6–7, LAMP with
terilized pork homogenate as template.
.  Conclusion
In this study, we demonstrated that LAMP amplification for
nvE gene could successfully detected S. Enteritidis, S. Choler-
esuis and S. Typhimurium with invE  in their genome, while
ould not detect non-Salmonella  strains. And LAMP amplifi-
ations for ﬂiC, lygD  and STM4495 genes could detect their
orresponding Salmonella  serotypes respectively, while did not
ross-reacted with the irrelevant Salmonella  serotypes or non-
almonella  strains. This indicated that the invE  LAMP primers
nd the sequences in invE, ﬂiC, lygD  and STM4495 genes were
ighly specific for Salmonella.
The detection limit of Salmonella  was 2.0 ×  101 CFU/mL
hen LAMP assay was exploited for invE  gene, which was
.33 ×  103 CFU/mL by PCR for invE. The results indicated that
AMP assay was more sensitive than PCR.
The LAMP reactions can be accomplished at a constant
emperature of 63–65 ◦C within 45–70 min and terminated by
nactivate the enzyme at 80 ◦C for 10 min. Just a thermostat water
ath will work. Sample consumption is less and DNA template
reparation is simple. Furthermore, identification methods of
AMP products are simple and various, such as observing pre-
ipitation by naked eyes, adding SYBR Green and agarose gel
lectrophoresis.
In conclusion, the LAMP detection method for pathogenic
almonella is specific, sensitive, simple, rapid and cost-
ffective. It has wide application prospect in the rapid detection
f S. Choleraesuis, S. Enteritidis, S. Typhimurium and other
athogenic Salmonella  in food.
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